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Data processing circuit wherein data processing units communicate via a network. 



The mvention relates to a data processing circuit \rfierein data processing units 
communicate via a network, and in particular to an integrated circuit containing such a data 
processing circuit 

A signal processing circuit processes streams of real time, or near real time 
data such as audio or video data. In a distributed signal processing circuit streams of such 
data are exchanged between different data processing circuits such as programmable 
processor circuits, dedicated processing circuits, periphCTal lO circuits etc that process the 
streams. 

The real time nature of the streams requires that a guaranteed communication 
bandwidth be available for the streams, along which a predetermined quanti^ of data can be 
transmitted per time unit The simplest way to provide a communicadon structure for such a 
purpose is the iniplemmtation of dedicated connection conductors for each stream. Howevm*, 
inmost cases it is desuBble to provide a communication stracture that can be shared by 
different streams. TTus reduces drcuit area for connection conductors, particularly if streams 
exist for a limited time-span or do not occi^ all the available communication bandwidth. 

A conmiunication bus structore sufBces to provide for communication in 
sunple circuits with a few data processing units. In a bus structure, communicating data 
processing units are coupled to a shared set of conimunication conductors, ^ 
different streams is passed over these communication conductors in alternate time-slots. 
However, when growing numbers of communicating data processing units have to be 
interconnected such a simple communication structure no longer sufBces. 

To provide a larger and more flexible communication capacity, 
communication networics are used increasingly to interconnect data processmg units inside 
integrated circuits. In a network there is no longer a single shared set of communication 
conductors that connect data processingiiitits diiwtty. Instead tf^lurality of isuch sets of 
shareable communication conductors is provided, interconnected by so-called node circuits 
that forward data from one set of conamunication conductors to another in order to create a 
communication path between different data processing units. A network typically makes it 
possible to establish a connection between a pair of data processing units along a selectable 
one from several alternative paths. If part of one path is occiqpied, another path may be 
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selected. Thus, streams can be communicated between many arbitrarily selectable pairs of 
data processing units in parallel. 

The real time nature of streams requires that a guaranteed amount of 
bandwidth, lypically a predetermined ftaction of available communication time-slots, be 
5 persistently available for each active stream. Interruptions of stream communication doe to 
contention for resources such as communication conductors should be prevented, because 
interraptions lead to malfimctioning, such as interruptions in video display, or hick-iq) in 
audio output etc. To a certain extent, the contention problem can be mitigated by temporary 
buffering of data in the nodes, but the amount of buffering should be minimized, because the 
10 inclusion ofbuffer memory increases the integrated circuit area used bytes nodes. 

Guaranteeing the persistent availabilily of real time bandwidfli for a stream 
conventionally requires some form of centralized planning, or at least programmmg of the 
nodes in the network to reserve resources for each stream, e.g. to indicate that access 1» a 
communication cobdoctor to anertnode is reserved a particula r stream daring 
l5 "'p^^d^terB^Sidtime-idote. When a data piocessini unit starts up stream, it is necessary to 
search for unreserved time-slots at tiie node circuits, possibly in contentf on wifli other 

streams that are started up. 

The need to stnre mformation in nodes to indicate that bandwidth is reserved 
for a stream compUcates node design, whidi may slow down the nodes and tato up valuable 
20 circuit area. "Hie process ofsettingiq? this type ofreservationdatahas the same 



Among oftiers, it is an object of the invention to provide for a circuit of data 
processing units with an interconnecting network, m which the network provides guaranteed 
access to successive messages of a stream of data, once tiie stream has been established, 
25 without requiring storage of information about the stream m node circuits of the network. 

Among others, it is a further object of the invention to minimize the number of 
i that need to be transmitted before the stream is sufBcientiy established to receive 



guaranteed access. 

-AnfonB others,-it is a furtherobjecrofthis-iftVfeiitioH-to-estabKsh-^^ stream 

30 ftom a receiving dataprocessmg unit, in response to reception of a message from fee stream, 
providing guaranteed access to the network for messages of flie return stream, while requiring 
a minimum of messages to establish the return stream once the receiving data processing unit 
starts transmitting messages of the return stream. 
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Among others it is a further otiject to support the use of data processing units 
that are programmed to execute a combined task in a distributed way, communicating data 
streanss involved in the tasks over an interconnecting network and in which the programs are 
independent of the length of patlis through the network. 
5 The invention provides for a circuit according to Claim 1 . In this circuit data 

processing units are interconnected through a time-slot multiplexing network that contains 
node circuits that forward messages through the network. The data processing units select 
starting time slots of streams of messages that occupy resources in the network in a 
periodically repeating pattern of time-slots, each stream having the same period (called the 

10 network period), successive messages of a stream travelling along the same stream specific 
path through the network. 

The node circuits arbitrate whether messages get access to shaiable network 
resources (such as communication lines between node circuits) on the basis of a seniority of 
tiie messages in their particular streams (i.e. the number of messages that has preceded tiie 

IS message since tiie start of the particular stream). A node circuit forwards a message fiom a 
particular stream only if messages with higher seniority ficnn previously started streams leave 
sufficient resources. Otherwise the message is not forwarded. The seniority may be indicated 
for example in a field in the messages, which is read by the trade circuits to determine 
seniority. In this way, once an initial message has been forwarded fixim a node circuit, it is 

20 ensured liiat all subsequent m^sages will be forwarded fix>m that node circuit, since newly 
arismg periodic streams that contend for resources an integ^ number of network periods later 
will always be less senior. 

In embodiments, a confirmation is sent back that will confirm arrival of the 
initial message of a stream at a destination data processing unit of the stream. Once the 

25 source data processing xmit receives this confirmation one can be sure that all subsequent 
messages of tbe stream will be forwarded. Therefore the decision to forward the messages 
can be simplified, by granting unconditional access if a message has a seniority beyond a 
threshold seniority of the last message before reception of the confirmation. 
Preferably, partial forwarding of the initial message of a^tream by node 

30 circuits in the network is confirmed to the source data processing unit even before the initial 
message readies the destination data processing unit This reduces the threshold seniority 
after which no arbitration is needed. Preferably, node circuits send confirmations so 
fiequentiy that the threshold seniority can be reduced to one, so that contention for resources 



PHNL040209EPP 



4 20.02:2004 
has to be arbited only for the initial message of the stream. This simplifies arbitration and 
minimizes useless resource occupation. 

Preferably the node circuits discard messages of a stream if they do not timely 
receive confirmation of forwarding of the initial message. It is not necessary to make 
5 forwarding conditional on the reception of confirmations in each node circuit It sufiBces to 
do so each time for multiple Mde circuits along a stretch of the path. For this purpose, it 
suffices that a single confirmation arrives at a node circuit at the start of a stretch at the latest 
in the same time-slot as a next message from a particular stream, to indicate that a previous 
message has successfiilly been forwarded to the end of the stretch. Hence, confimnations need 

10 only pass through a node circuit once p©r networic period and no confirmations are needed at 
the node circuits along the stretch. 

Preferably, node circuits send back one or more confirmations to indicate flaat 
a message has been successfiilly forwarded throu^ the network, back along the path of the 
messages of the stream. As an attemative, the confirmations maybe sent back outside the 

Ts networic for example. In the embodiment wh^in the confirmations are sent back along the 
path through flie network, the node circuits preferably send back the confirmations in return 
time slots that are selected so that crossing tune slots, "v^rein the confirmation crosses 
subsequent messages of the stream, can be predicted by a predetomined scheme (e.g. so that 
oossmg occurs in predetermined time slots, or in time slots that can be computed firam 

20 information that is Imown to be included in the subsequent messages of the stream). The node 
circuits use the predetermmed scheme to predict crossmg time slots, and test whether they 
have received crossing messages and confirmations for the same stream in the predicted 
ax>ssing time slot If an expected crossing of a message and a confim^tion is not detected, 
the node drcuit discards that message. Tlnis, once an mitial message has not been forwarded 

25 (as is evident fix)m the absence of flie expected confirmation) messages that are so senior that 
they should cross with the confirmation are also discarded, makmg it uimecessary to arbitrate 
for access to network resources for these messages. This simplifies arbitration and nmumizes 
useless network occiqpation. 

Preferably, the'confitmations-aire'sent stcffidendy frequ^tiy that the first 

30 crossing at a node circuit must occur at most one network period (and preferably exactiy one 
network period) after that node circuit has forwarded the initial message of the stream. Thus, 
it is ensured that the second and fiirther messages of the stream can be forwarded without 
fijTther arbitration if they cross with the confirmations. A delay of at most one network period 
between forwarding at a node and subsequent crossmg at that node can be ensured by 
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sending successive confibmations of forwarding of the initial message in time-slots at most 
half a network period from each other, hi this way the sum, of the time for the initial message 
to travel from a node circuit from which a first conlHmiation is sent to a further node circuit 
from which a second confirmation is sent and for the conformation to travel back from the 
fijrlher node circuit to the node circuit, is at most a network period. 

Preferably, the confirmations are sent in retum time slots selected so that 
successive confiimations occupy network each resource periodicaUy with said network 
period. In this way, the seniority arbitration scheme can also be used for the confinnations. 
Periodic occupation of network resources can be realized by sending confirmations of 
forwarding of an initial message whm the initial message is forwarded in each of a series of 
time-slots tiiat rqieats with exactly half the network period. Thus, the return time slots of 
sending back confirmations can be selected simply by counting clock periods. 

Preferably, a retum stream is established fiiom the destination data processmg 
unit of an original stream m response to reception of the initial message of the original 
streanL The destination data processing is arranged to send retum messages of the retum 
stream so that they follow the confirmations of the origmal stream after an integer number of 
network periods, starting from one network period after the last confirmation. In this way, the 
preceding confinnations can be used as more senior messages of the return stieam, which 
reduces (or even eUminatra) the possibility that the retum messages of the retum stream will 
be discarded upon arbitration. Basically, the retum stream is guaranteed access without need 
to arbitrate forwarding, of retum messages. 

In an embodiment the receiving data proc^sing unit is pre-arranged to send 
the messages of the retum stream periodically starting form a time-slot that is selected 
dependent on the time-slot of arrival of the initial message of the origmal stream. The 
selection is made so that a sum of the timo-slot sequence numbers ta, tr of arrival of the initial 
message of the original stream and transmission of the message of the return stream equals a 
predetermined number "s" modulo the network period of the streams. This ensures in 
advance that, without even knowing the length of the path through the network, it can be 
determined in which time-slots messages of the return stream and the'original stream^will " 
cross each other at a node circuit. The double of the sequence number of such crossing time- 
slots equals 2*(sf 1), twice the predetermined number plus one modulo the network period of 
the streams. This enables the node circuits to select the time of transmission of the 
confirmations back along the path before transmission of the retum stream. 
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The predetermined number may be selected the same for each stream, or it 
may be selected individually for each stream, the initial message of the stream indicating the 
number so lhat the node circuits can determine when to send confirmation messages. In an 
embodiment the predetermined number equals minus one modulo die network period. In fliis 
5 way the node circuits can send confirmations in time slots whose sequence number equals 
zero modulo half the network period. 



These and other objects and advantageous aspects of the invention wiU be 

10 desraibed by means of examples shown in die following figures. 

Figure 1 shows a data processing circuit 

Figure 2 shows a pa& through a network, comiBcting a pair of data processing 

units 

Figure 2a shows a pafli through an aHemalive emBxi diment of a network 
is Figures shows a node circuit 

Figure 3a dbows part of a node circuit 

Figure 4 illnstrates tinie-slots used during communication 

Figure 5 illnstrates fiirflier time-slots used during communication 



20 

Figure 1 shows a data processing circuit, comprising a pluralily of data 
processing units 10 and a network 12 intercomiecting the data processing units. Typically, 
dala processing units 10 and netwoA 12 are integrated togeAer in an integrated drcuit. The 
tem "data processing unit" is used generically for any type of circuit that produces and/or 
25 processesdata,includmg.butnotlimitedtD,programmablesignalprocessingcores. 

dedicated signal processing circuits, such as DCT (Discrete Cosine Transform) computation 
circuit8.memory,IOcircuitry etc. Although three data processing units 10 have been shown 

expKdtiy. it should be understood that, in practice, many more will be present 

-Fi-gutfe^ shows a parrof rretwork-Kr«>>itaiMtog cTSCpmunicationconduclJars 



30 



20 node circuits 22 that interconnect communication conductors 20. Terminal node circuits 

couple the data processing units 10a.b to the network 12. Although pairs of lines are 
shownforforwardandbackwardcommunicationovercommunicationconductors20.it 

diould be understood that each line may in fact represent a pluraUly of communication 
conductors for message data and various control data for emnple. As shown part of the 
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communication conductors 20 and node circuits 22 form a communication path tbrough the 
network between a transmitting data processing unit 10a and a receiving data processing unit 
10b. It should be eniphasized lhat the figure merely shows a part of the communication 
conductors 20 and node circuits 22 in network 12 that is involved with the particular path that 
5 is shown. In practice many more communication conductors 20 and node circuits 22 may be 
present and many more paths may be possible, also between the pair of data processing 
circuits lOa^b that is shown in the figure. 

Figure 2a shows a path through an alternative embodiment of the network, 
wherein communication conductors 20 are shared for forward and backwani communication. 

10 Each time two node circuits 22 are connected to a communication conductor 20, as well as an 
access control circuit 24 which decides which of the node circuits will get access if both node 
circuits try to get access. It should be imderstood that in other types of network more than 
two node circuits 22 may connected to the same communication conductor 20. 

In operation selected data processing units 10 transmit streams of data to 

15 selected other data processing unit 10 via network 12. Each stream comprises a series of 
message that entered netwoik 12 fiom a transmitting data processing unit 10a and are 
forwarded fi^omnode drcuit 22 to node circuit 22 throug^i netwoik 12 to areceiving data 
processing unit 10b. Tbm, eadi message of the stream passes along a path of nodes circuits 
22 through network 12. locally, the circuit works in successive time-slots, so that each 

20 message is transmitted along successive communication conductors 20 in successive time 
slots. 

Data processing units 10 transmit messages fiom each stream periodically 
with a netwoik period P, which typically be expressed in terms of a number of transmission 
time-slots fix)m transmission of one message to transmission of ttie next message in a stream. 
25 All messages from the same stream always pass via the same path. For this purpose, in an 
embodiment, the tranmiitting data processing unit 10a includes a path desccqition in each 
message, but the path may also be implied fi>r example by the source and destination of the 
path. In addition the transmitting data processing unit 10a, or terminal node circuits 22a,b 
"^^include idfonnation in the message to indicate whether the message is an initial message of a 
30 stream or not 

Figure 3 shows an embodiment of a node circuit 22. This embodiment 
contains a number of ports 222 coiq)led to the communication conductors 20 that are coupled 
to node circuit 22 and respective routing circuits 220 for the respective ports 222. Each 
routing circuit 220 has an ou^ut coupled to a respective outgoing communication conductor 
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20 fiom its port and inputs coupled to incoming communication conductors from the 
remaining ports 20. In tbe embodiment wherein communication conductors serve for two- 
way or more way communication the outputs of the routing circuits are coupled to a 
combined input/output of the port 222. The node circuits are shown with four iiq)uts and four 
5 outputs only for the sake of the example. It should be understood that the node circuit may 
have any number of ports and routing cux^uits. 

Figure 3a shows an embodiment of a part of a routing circuit 220. 
Routing cin:uit 220 contains an iiqmt message memory 36, reception circuits 
37a-c and a forwarding circuit 38. Input message memory 36 is coupled to outgoing data 

10 conductor(s) 30d via forwarding circuit 38 and has ports coupled to reception dreoits 37a-c. 
Forwarding circuit 38 is also coiqiled to an incoming data conductor(s) 32 fiom the same port 
as its outgoing data conductor 30d. Eadi of the reception circuits 37a-c is coiqiled the 
incoming data conductors of a respective one of the remaining ports. Furthermore forwarding 
circuit 38 has an input for a retom enable signal. 

IS - - loqperation node circuit 22 receives messages fixnn incoming data conductors 

30a-c and stores these messages in iiqiut message memory 36. Forwarding circuit 38 inspects 
each message to deteimine wbetiher the message should be forwarded via the outgoing data 
CQnductor(s) 30d that is (are) coupled to the forwarding circuit 38. Forwarding circuit 38 
bases the decision to forward a messa^ first of all on wlietfaer messages from more ttian one 

20 iiqnit 30a-^ are present and in selected timeslots also cm whether a return 
received firom ir^ut 32. 

Jn the embodiment wherein two-way or more way communication conductors 
are used forwarding circuit 38 also makes the decision to forward dependent on whether it 
can get access to outgoing communication conductor 30d. In this embodiment forwarding 

25 circuit issues an access control signal according to the position of the outgoing message in its 
stream (initial or subsequent). If the message is a subsequent message forwarding circuit 38 
applies an overruling access signal to the access control circuit and is ensured to be able to 
transmit the message over its data conductor(s) 30d. If the message is an initial message, 
fomardin^lrctiit 38=^ppUe^~aT^^ signal to the^wccessiscmtrol^circttft: If access 

30 control circuit 24 that is provided for the communication conductor returns an access grant 
signal, forwardmg circuit 38 transmits the message over its data conductor(s) 30d. If not, the 
message is not transmitted. In this case the message is lost and said to be discarded. 

In this embodiment flie access control circuit 24 that is provided for a 
communication conductor returns an access grant signal only if it does not receive an 
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oveiruling signal from any forwarding circuit (in any attached node circuit). If access control 
circuit 24 receives a single request and no overruling signal it grants the request If access 
control circuit 24 receives non-overruling requests fiom more than one forwarding cirouil^ it 
selects one of these forwarding circuits and grants access to that forwarding circuit 
5 Although for Ihe sake of clarity separate routing circuits 220 for each port are 

shown in figure 3, with memories 36 that store incoming messages firom other ports, it will be 
understood that in practice of course a single routing circuit may be used for all ports, one 
memory storing received messages jfrom all ports, the routing circuit routing messages to any 
appropriate port 

10 As wiU be discussed in the following the source data processing unit 10 that 

transmits die messages of the stream is informed about the success of transmission of at least 
the initial message through network 12. The source data processing unit 10 is arranged to 
refiain fiom transmitting subsequent messages fiom the stream if the initial message is 
discarded anyv^ere. In this case the source data processing unit 10 wiU typically try to start 

IS the stream anew at a different time point 

It should be appreciated that by means of this mechanism, a guaranteed 
chaniKl is made available, taking up periodically repeating time-slots in node dicuits along 
the path, for the messages of the stream once an initial message of a stream has been 
successfiilly forwarded. When an initial message has been forwarded by a node circuit in a 

20 tuQie slot it is Imown that no older streams block access by requiring^ 

time slot Once transmission of the initial message has succeeded it is ensured tba^ 
arising streams cannot prevent access at the expense of subsequent messages. 

In the following a description will be made of ways of informing a data 
processing unit 10 about success of transmission of the initial message. 

25 In a first embodiment the receiving data processing unit 10b of a stream 

(further called "the original stream") is arranged to set cqi a retiim stream in response to 
reception of the initial message of Ifae original stream. Message from the return stream are 
transmitted along the same path along the same node circuits 22 as the messages of the 
- - orig^Jial 8trea]£g'but itn)pposite"direction. Like the original stream' (and anyiother%eam)rtte 

30 retum stream consists of messages that are transmitted in periodically rq)eating time-slots. 

Thus, transmitting data processing unit 10a is informed about successful 
transmission of the initial message of the stream by the arrival of the initial message of the 
retum stream. If transmitting data processing unit 10a does not receive the initial message of 
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the return stream in time, it infers that the initial message has been discarded and ceases 
transmitting subsequent messages of the original stream. 

Preferably, node circuits 22, upon receiving the initial message of the original 
stream, transmit precursor messages of the return stream back along the path in those 
periodic time slots wherein subsequently message of the return stream will be transmitted. 
This enables transmitting data processing unit 10a to detect sooner that the initial message 
has been discarded, so that it can cease transmitting subsequent messages of the origmal 
stream sooner. Of course, for this purpose the node circuits 22 need to know when the 
messages of the return stream will arrive in fiiture. Preferably the circuit is arranged so that 
this follows fiom the time of arrival of the initial message of the original stream. 

In an embodiment, this is facilitated because the receiving data processing unit 
10b is arranged to select the time slot of transmission of the initial message of the return 
stream dependent on the time slot of reception of the initial message of the onffnsi stream. 
The selected time slot is determined by the following considerations. Let successive integer^ 
numbers "t" be assign^ to ^etin^-slots. Let "ta" Ae number of the time slot m ^ch the 
initial message of the original stream arrives at the receiving data processing unit 10b. Since 
the messages from the original stream are transmitted periodically, messages will arrive m 
any subsequent time slot for which 

tr=tamodP 

Oaerein the conventional modulo qualification '*mod P" behind an equation (or 
stat^ent of equaKty) indicates that the equation (or equality) is satisfied if some mtegq: 
multiple of P is added to the right hand side. More particularly, in the cunrent equation that 
there exists an mteger number "n" so that t= t^, +n P). Let V be the number of the time slot 
of transmission of the initial message of the retum stream fiom the receiving data processmg 
unit 10b. Now the receiving data processing unit 1 Ob is arranged to transmit the initial 
message of the retum stream in the first time-slot, which satisfies 



t^-t^lmodP 

This selection is made to ensure that messages from the retum stream and the 
original stream cross each oflier along the path at specific time points. A crossing is said to 
occur at a time slot with number tc if a message fix)m the original stream passes on specific 
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data conductor(s) 20 between a pair of node circuits 22 in a time slot with the number t^l 
and a message from the return stream passes between that pair of node circuits 22 in the 
opposite direction in the time slot with number tc. With the preceding choice of 1^ the time 
points tc satisfy 

5 

2to=0modP 

TTiat is, tc repeats with a period of P/2 if P is even. The surprising result is that 
time-slot of crossing does not depend on the pair of node circuits 22 that is involved, or on 

10 . the time slot of transmission of the message from the source data processing unit 10. 

That Ibis is so can be seen as follows. If one numbers Hic data conductor(s) 20 with integCT 
numbers "i", increasing along the palfa, starting from zero at the source data processing unit 
10 and inoieasing to "k" at the receiving data processing unit 10b, then messages of the 
original stream pass on a data coi^uctor(s) 20 with number "1" in time-slots with number U 

IS that satisfy 

ti = tflrHmodP 

Accordingly, the time-slot of arrival of tiiese messages at the receiving data 
20 processing unit 10b satisfies 

1^ = fo-HcmodP 

Messages of the return stream pass on a data conductQr(s) 30a with number "i" 
25 in time-slots with numb^ti*tiiat satisfy 

ti^t^+k-imodP 

Substituting the expressionslforl^ and t^: - ^ — 

30 

ti— - to-l-imodP 
Crossing occurs v^hen ti - ti+1, i.e. when 
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-M-l=to+i+lmodP 

Thatisif 

5 2*i=-2*(toH-l)modP 
So that 

2*li^0modP 

10 

This is fhe relation mentioned earlio:, \diich says that llie time-slot of crossing 
does not depend on the data condactor(s) 20 involved, nor on the time slot of transmission of 
the message from the source data processing iinit 10a. This is applied in the node drcoits 22 
by generating precursor messages of the return stream and transmitting tiiem back along the 
15 incoming data conductor(s) 30d in a time slot "t" tf 

(a) t satisfies 2t =0 inod P (this is indicated by a clodc signal with a period of half 

the network period P at the KBT iI^)Ut). 

Q}^ a message firom an orig inal stream has arrived at tiie node circuit firom the 

incoming data conductor(s) 32 and access is available to forward that message 
20 (c) lu) message or precursor niiessageoftiie return stream for the original stream 

has arrived back along the path in die preceding time slot t- 1 ((as can be determined by 
inspecting memory 36 for such messages) 

(6) access is availid>le for transmitting a precursor message back along Ite 

incoming data conductor(s) 30d in the time slot t 
25 When the precursor message is generated the forwarding circuit 38 flags it as 

an iidtial message. However, when a node circuit receives an initial message (precursor or 
any other message fi:om a stream that is marked as a return stream at a time t-1 that satisfies 
2t =0 mod P, file node circuit forwards this message after converting the message to a 

"Sttbseqamt"Tnessage, so that itts wtdng^raidriMitial message for thei)^^^ of forwarding 

30 decisions. Thus, the precursor message is able to proceed along the pafli paved by earlier 
precursor messages, getting overruling access. 

Figure 4 illustrates occupation of the data conductors along a path as a 
function of time when this mechanism is used. A firet horizontal line is used to mdicate 
successive time slots, which are grouped into network periods of P^8 time slots. Successive 
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rows below this line are used to signal occupation of successive data conductor(s) along the 
path through the network, labeUed with the index "i". A transmitting data processing unit 10a 
transmits an initial message (marked "a") of an original stream in a first time slot lb. This 
initial message travels along successive data conductor(s) along the path m successive time 
5 slots. The mitial message arrives at the receiving data processing unit 10b in a second time 
slot ta . In response, receiving data processing unit 10b starts transmitting messages (marked 
b) of the return stream in a time slot tr, whose slot number is related to U according to 

tr=-ta-l modP 

10 

As may be noted the messages b firom the return stream cross the messages a 
fix)m the original stream (cross, i.e. occupy a data conductor in the time slot after the time slot 
wherein that data conductor was occupied by a message fiom the original stream) at 
crossings 46, 48 at the start of the network periods and hal^y the netwotk periods. As has 
IS been explained, with the appropriate selection of the time slot for messages of the return 
stream this properly does not depend on the length of the path through the network or the 
starting time-slot ta of the original stream. 

The node circuits 22 gmerate precursor messages (marked p) of the return 
stream, v^en a message from the original stream has arrived in sucha tinie slot and no 
20 message of the return stream is received. Thus, crossings 40, 42 are simulated. The precursor 
messages in tum may cause a crossing 44. At such a ax)ssing no new precursor message 
needs to be generated. The old precursor message p is simply forwarded. 

It should be appredatedthat the precursor messages p indicate to the 
transmitting data processing unit 10a of the original stream that the initial message of the 
25 original stream has not been discarded along successively further parts of the pafh through 

the network. When the transmitting data processing unit does not receive a jwrecursor message 
or normal message of the return stream it does not transmit the next message of the original 
stream. 

" -At the same time, the pa*ecursofm^gsages"s^e to pave the path for the return 
30 stream. Along most of the path the real initial message of the letum stream (the first message 
sent by receiving data processing unit 10b) is in &ct a "subsequent" message that follows one 
or more precursor messages (that have hem sent by node circuits 44). The real initial 
message follows the last preceding precursor message at each node circuit 22 after exactly 
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one network period P. Therefore the real initial message can be treated as a non-initial 
message ti»at gets unconditional access wifliout the risk of having to cede to other streams. 

Althou^ the invention has described by means of a specific 
embodiment, it should be jqjpreciated that various different embodiments are possible. For 
essaaple, in one embodiment tiie node circuits do not send precursor messages, or at least &> 
not send precursor messages corresponding to all time slots tibat satisfy 2t= 0 mod P. This has 
the effect that confirmation that tiie initial message of liie original stream has travelled 
successfully along part of ttie pafli arrives later. Accordingly, tiie tcammitting data processing 
unit may have to transmit a subsequent message of tiie original stream before reception of flie 
first possftle precursor message. Hiis in turn has tiie effect that tiiis subsequent message may 
attempt to get transmitted along a data conductor where tiie initial message was discarded 
because of a collision with another streanou 

In tins case flie stibsequent message ^onld likewise be discarded. Therefore it 
is notpossible in tins case to grant access uncanditionally to subsequent messagra. F or tins 
purpose tte'siAseqiicfflt m^J^ge preferably contains information K^resenting its sequence 
number in tiie original stream. In tiiis enibodiment, in case of contention for a data conductor, 
access conliol circuit 24 grants access to flie most senior contending nwssage Giving flie 
highest sequraice number) and in case of equal seniority a scheme is used tiiat grants 
consistent access to tiie same stream. In tins scheme use of tiie sequence number generalizes 
tiie distinction between initial and subsequent messages. The sequence number need not 
represent sequence numbers higher tiian tiie maximum number of messages tiiat can be 
transmitted witii anetworicperiodP before tiie transmitting data processing unit will receive 
ccmfitmation of arrival of tiie initial message. The maximum sequence number may be used 
in all messages witii higher sequence number. 

In anotiier embodiment other time-slots for transmitting messages of tiie return 
stream may be used For exanqile if data processing unit 10 selects tiie numbers 1^ of tiie time 
slots in v(*ich it sends tiie messages of tiie return stream to satisfy 



^■^sr^^STfRJdP 



(wherein s is an odd oflset value) tiien tiie number of flie time-slot of crossing satisfies 



2to=2*(l-s)modP 
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That is, crossings still occur with a period of half the netv^oilc period P, but at 
a differeat phase in the network period P. Accordingly, in this case the node circuits send 
precursor tokens in the time slots that satisfy the expression for t^. The olBfeet value "s" may 
he chosen to be equal for all streams, or it may be selected independently for each stream. In 
5 the latter case, the offset value may be specijBed in the messages (or at least the leading 
messages of each stream), and the node circuits may be arranged to select time slots of 
sending the precursor tokens according to the expression for tb as a function of the specified 
offset. The specification of the offset value may be explicit or inherent, e.g. as a result of a 
type indication of the stream, or dependent on the source or destination of the stream. If the 
10 length V of the path is known in advance (and can be derived fix>m the messages), the of&et 
value "s" can even be specified by specifying a time slot numbers t^ of sending return 
ihessages. 

However, it wiU be appreciated that the enibodiment that has bee^ 
has the advantage that the time of crossing can be determined without any advance 
IS knowledge about tbe lengtb of the time path. As a result, the path can be selected 
dynamically. 

It must be ^reciated that in other embodiments no return stream needs to be 
involved. In this case, what have been called precursor messages in the preceding merely 
serve as conEbmation messa^ of forwarding. Odier mechanisms also exist for signalling to 

20 the source data processing unit 10 whether the initial message of a stream has been 

successfully forwarded. For exao^le, another communication may be used, separate fiom the 
networlt^ without requiring a retum streanu If a return stream is us^ 
network may be used for sending all return streams. In this case the node circuits may send 
precursor messages via this additional network. 

25 It will be understood that the mechanism that has been described assumes that 

all messages of a stream will be sent via the same path. Thus, the &ct1hat an initial message 
has managed to travel along the path starting in a specific time-slot can be used to seize 
access to the data conductors along that path for subsequent messages, without fear of 
~~ coUision with' older ^tteanis.iMany ways can be used to ensure use of the'same path. For: 

30 example, the messages may specify the path, so that the nodes will route die messages 

dependent on the specified path. As another exainple, the node circuits may be arranged to 
route the messages along a reproducible path, for example by retaining information about the 
selected route for a previous message fix)m the same stream, or by using a predetermined 
route fiom a given source to a given destination. 
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When the messages specify the path, the path specification may be selected in 
advance by the transmitting data processing unit 1 Oa, or it may be derived fix)m a path 
selected by the node circuits for the initial message of the streanL In the latter case 
information about the path may be added to the initial message as it travels along the path, 
5 and the node circuit may report back this infermation in the precursor messages, so that the 
transmitting data processing unit 10a can include a specification in subseqpient messages. 

Optionally, at the time of crossing the node circuits may cross-transfer path 
information between the crossing messages of the original stream and the return stream. 
Thus, for example, at the time of crossing the messages may each time receive information 
10 about the path to be followed to the next crossing. The node circuit may transfer information 
that specifies the path followed by a message fix)m the oiigmal stream firom the message of 
the return stream. In this way infimnation about the path to 1he time of next orossing (or 
fijrtfaer) may be provided to the message fixnn the origmal stream. As a result^ die path can be 
dynamically selected at the time of forwarding of the initial message and no path information 
15 needs to be kept in the nodes. \^ce versa similar infiixrmation may be transferred fix)m the 

message of the original stream to the message of die retum stream. This saves on the amount 
of data needed to represent the path, but is not strictly necessary, since messages of die retum 
< stream can be provided with infoimation about the backward path ab initio. 

Although the invention has been described using an embodiment wherein the 
20 node circuits forward each message immediately in the time slot following the time slot of 
arrival, it should be understood that, without deviating fix)m the invention, the node circuits 
may be arranged to buffer ibe messages for a number of time-slots, for exsanple to wait for 
the availability of a data conductor. In this case, once the initial message of the stream has 
been buffered in a node circuit, subsequent messages of that stream should be bufifered for 
25 the same number of time slots at that node circuit This may be £qpecrfied m the same way in 
which the path is specified. 

This embodiment may be combined with a retum stream and generation of 
precursor messages in the node circuits. In an embodiment the node circuits as before 

g^feiate (but not nedessartly^tcmiSttut)"the pi^ursormfessages in time slots tharsatisf^ 

30 

2tc=0 modP or more generally 2to=2*(l-s) mod P 

However condition (b) for sending a precursor message is generalized to (b') a 
message fiom the original stream has arrived at the node circuit form the incoming data 
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conductor(s) 32 in the picceding time slot t-1, or this message has airived in an earlier time- 
slot and is still buffered awaiting transmission. Condition (d) for sending a precursor message 
is relaxed, because the precursor message may remain buffered for a number of time slots 
before transmission. Instead, the precursor message is preferably discarded if transmission is 
5 delayed so much that the precursor message does not, or cannot, arrive in before the time-slot 
for the next crossing time slot at the node circuit where that crossing has to take place (as 
determined by the transmission of an earlier precursor firom that node circuit). 

Figure 5 illustrates an example of occupation of the data conductors along a 
path as a fimction of time when this mechanism is used. As shown with reference 50 the 

10 initial message of the original stream is bufifered in a time slot The new precursor message 
corresponding to this initial message is transmitted in the normal time-slot as described 
before, but ftom another node circuit than in the absence of delay. Subsequently, the new 
precursor message crosses a message from the original stream in a time slot 52 at a node 
circuit a vAxole netwoik period P after a time slot 40 in which an older precursor was 

1 5 transmitted from that no de dicuit To realize transmission in this time slot fivim that node 
circuit the precursor must be delayed, but this del^ may occur anywhere along tiie path. 

As one nmy note, this limits the delay that the precursor message nmy 
before arriving at the node circuit of ax>ssing in time slot 52, to the delay undergone by the 
initial message of the original stream. If the precursor message suffers greater delay it has to 

20 be discardied. This condition may be relaxed by introducing an intentional delay each time 
before transmitting a precursor message after the time-slot for which it is generated. Thus, die 
time constraint on die arrival of precursor messages firom node circuit ftirtiier down the path 
is relaxed. Jn an embodunent, the intentional delay may be set dependent on the delay 
suffered by the initial message of the original stream, increasing the intentional dekcy of the 

25 precursor message if the initial message has suffered Utde delay, and decreasing the delay of 
the precursor message if the initial message has suffered more delay. The reason for this is as 
follows: it will be remembered that the precursor message has to arrive back, at node circuits 
upstream along the path, one network period after transmission of a preceding precursor 
message. More tune is left to reaUze this when the initial message has travelled with'littie 

30 delay to the node circuit 22 firom which the precursor message is sent When it is found that 
this additional time is available it may be used to relax the timing constraints on node circuits 
44 downstream, by delaying transmission of the precursor message firom the node circuit 22. 

Although only streams of messages in periodically repeated time slots have 
been described, it should be understood that in embodiments individual messages that are not 
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part of a stream may be transmitted through Ihe network in addition. If such an individual 
message collides with a message fix)m an existing stream, the message from the existing 
stream gets preferred access. Thus, it is possible to send additional messages as well, without 
disrupting the stream. 

5 Although tiie invention has been described using the same time-slots for all 

node circuits, which typically requires a central clock, it will be understood that it is not 
necessary to use centrally synchronized time-slots. ConMnunicating node circuits may 
synchronize locally, possibly using some kind of asynchronous handshaking. 

Furthermore, although the invention has been described for streams that 

10 occupy each resource for a single time-slot in each network period, it should be appreciated 
that more complicated streams may be used that occiqiy the resource in a pattern of more 
than one time slot in each network period. EflFectively, this comes down to establishing a 
plurality of streams that each occupy each resource for a respective single time slot in each 
series, and discontinuing all of these streams if an esqpected confirmation is not received fior 

15 any one of the streams. 

Furthermore, although the invention has been described for the case that a 
single messa^ can pass along a communication connection in a single time slot, it will be 
understood that in olher embodiments, each communication conductor 20 may si^port 
transmission of a plurality of messages per time slot, hi an alternative embodiment this may 

20 be used to transmit messages fix)m multiple streams of periodic messages in the same time 
slot and/or individual messages that do not belong to a periodic streant The number of 
messages that may be transmitted m a time slot along a coimnunication conductor 20 may be 
a predetermmed number of messages, or the number of message may depend on flie 
combined sizes of the messages. In the latter case the messages of a given stream preferably 

25 all have the same size, or should at least claim the same (maximum) size. The node circuits 
preferably use the claimed size of a given stream to limit the number of other streams of 
periodic messages for transmission in the time slot along the same communication conductor. 
This number of other streams is limited so that their combined claimed size leaves sufficient 
— -=^pacity the ttoe slot for the maximum'siz^^ 

30 message requires from tiie given stream less than the claimed size (or even no size at all), ttie 
node circuit may use the remaining bandwidth may be used for transinission of mdividual 
messages. 
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Similarly, each message may extend over a plurality of time slots. In this case 
transmission basically comes down to transmission of mult^le streams in successive time 
slots. 

Furthermore, although the invention has been described for handling 
bandwidth limitations on communication conductors 20, it will be appreciated that the 
invention may be applied to handle other types of resource limitations in the network as well. 

Furthermore, it will appreciated that, although the invention has been 
illustrated by means of a particular circuit, other circuit implementations are possible. For 
example, instead of a structured node circuit 22 as shown in figures 3 and 3a a sinq)lified 
node circuit may be used with a processing circuit that processes inputs messages &om all 
communication conductors 20 and transmits messages at selected communication conductors 
20. As another example, although data processing units 10 have been shown that are 
connected to a communication conductor 20 via terminal node circuits 22a,b, one may of 
course include the function of the terminal node circuits 22a,b in the data processing units 
10a,b (in which the data processing unit is considered to be a node circuit as well), or in 
multi-iiqmt node circuits. By using terminal node circuits 22a,b the data processing chcuits 
10 have access to the terminal node circuits without contention, the termiiial node ciicuits 
22a,b tifitidli"g access to the communication conductors 20. 
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CLAIMS: 



1 • A data processing circuit conqirising: 

a network (12) that is operable in successive time-slots; 
a plurality of data processing units (10) interconnected by the networic (12), 
and ananged to smd streams of messages concurrently through the netv^ork (12), each stieam 
S comprising messages that occupy shareable resources (20) in the network (12) in a 

periodically repeating selection of successive time-slots, a pmod of repetition (P) being the 
same for all the streams; 

node circuits (22) in the network (12), ibe node circuits (22) being arranged to 
forward the messages along multi-node paths through the netwoik (12), each particular 
10 stream being assigned a respective stream specific path along which the node circuits.(22) 
forward all messages of the particular stream, the node circuits (22) being arranged to decide 
whether to forward or discard each message dependent on a measure of seniority of the 
message in its particular stream, each particular node circuit (22) being arranged to prevent 
forwarding of a more junior message in the particular stream for which insufficient resources 
1 S (20) are left because of forwarding of a more senior message from another stream from the 
particular node circuit (22). 

2. A data processing circuit according to Claim 1 , wherein at least one of the 

node circuits is ananged to send bade a confirmation of successful forwarding of a message 
20 from an initial part of a particular stream up to said at least one of the node circuits, at least a 
further one of the node circuits (22) being arranged to forward a subsequent message from 
the particular stream only after timely reception of the confirmation. 

3 . _ ^ data processing circuit according to Claim 1 , wherein 

25 - at least one ofthe node circuits (22) is arranged to generate a confirmation of 

successful forwarding of a message from an initial part of a particular stream and to send the 
confoimation back through the netwoik (12), and wherein 

a further node circuit back along the path from the at least one of the node 
circuits (22) is arranged to detect, iqwnrece^iving a further message from the stream, whether 
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the further messa^ and the confirmation cross in the further node circuit (22) in a crossing 
time-slot, and to forward the furttier message only upon detection of said crossing, the further 
circuit selecting the crossing time-slot according to a predetermined scheme, 

the at least one of the node circuits (22) being arranged to send back the 
confirmation in a selected return time-slot, tfie return time-slot being selected in 
predetennined way so that the confirmation, if not lost, will cross tiie furthar message in the 
crossing time slot determined according to the predetermined scheme. 

4. A data processing circuit according to Claim 3, wharein Ae node circuits (22) 
are arranged to send back confirmations of successfbl fiwwardmg in a phiraUty of selected 
return time slots whidi are separated by at most half said period (P). 

5. A data processing drcoit according to Oaim 4, wherein the node circuits (22) 
are arranged to decide wheflier to forward or discard each particular message on the l»asi8 of 
seniority dependent only (m \(iiettu»^ the particular message is an hiitiai message of its 
particular stream or not 

6. A data processing dnaiit according to Oaim 3, vdierein the node dnaiits (22) 
axe arranged to send back one or more confiimations when successfully fiarwarding messages 
m a pluraKty of selected return time slots which are selected so that the confiimations leadi 
the source data processing unit (10a) in arrival time-slots fliat rq)eat witii said period (P). 

7. . A data processing drcuit according to Claim 6, -vdierem a destination data 
processing unit (10b) at an raid of the pafli is arranged to start transmitting a return stream of 
return messages m selected return time slots, selected so fliat tiie return messages reach the 
source data processing unit (1 Oa) in arrival time-slots that repeat with said period (P), 
following the confirmations starting fi»m one period after a last confirmation, tiie one or 
more confimiations forming one or more precursor messages of the return stream, die node 
circuits (Z2) ti^tin^theT^BtumTtffessages wiMgherSBni^^^ at leastan initiaTOBB-of^ 
the one or more precursor messages. 

8. A data processing circuit according to Claim 3, wherein tiie node circuits (22) 
are arranged to send back confiimations when successfiiUy forwarding a message fcam the 
particular stream in predetermined time slots, which repeat with half said period (P). 
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9. A data processing circuit according to Claim 8, wherein a destination data 
processing unit (10b) at an ^d of the path is arranged to start transnutdng a return stream of 
retom messages in selected return time slots, selected dependent on the time slots of arrival 

5 of messages from an original stream at the destination data processing unit^ the return time 
slots of transmitting the messages of the return stream being selected so that a sum (t^+t^) of 
time-slot sequence numbers tr of the time slots of transmission of the return stream and time- 
slot sequence numbers ta of arrival of the messages of the original stream equal a 
predetermined number "s" modulo a length of the period, the confirmations being transmitted 
10 in time slots so that twice the sequence number of these slots equals 2*{s^l), twice the 
predetermined number plus one modulo the lengdi of the period. 

10. A data processing circuit according to Claim 3» wherein the source data 
processing unit (1 Oa) is arranged to discontmue transnussion of messages fiom the stream if 

IS the confirmation is loot received by tiie source data processing unit (10a) in a confirmation 
time slot that is determined by the predetermined return tune-slot. 

11. ALmethodofprocessingdatainadicuitthatcontainsapluraHly of data 
processing units (1 0) interconnected by a network (12) of node circuits (22), the node circuits 

20 (22) using successive time slots to forward messages along transmission paths between pairs 
of the data processing units (10), using resources (20) that the network (12) allows to be 
shared between different paths on a time slot multiplexing basis, the method comprising: 

starting streams of messages, each firom a respective source data processing 
unit (10a) to a respective destination data processing unit (10b), each stream comprising 

25 messages that occupy the resources in a periodically repeating selection of time:-slots, the 
period of rq)etition being the same for all the streams; 

"forwarding all the messages of the particular stream through the network (12) aloc^g the node 
circuits (22) in a stream specific patli assigned to the particular stream, the 
- ^ ' node circuits (22) deddiiogixrforwmd ordiscard each mc^ge dependent oir a m^a^e'of 
30 seniority of the message in its particular stream, each particular node circuit (22) preventing 

forwarding of a more junior message for which insufScient resources are left because of . 

forwarding of a more senior message from the particular node circuit 

12. A method according to Claim 1 1, conqiri^bg; 
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generating a confirmation, in at least one of the node ciicuits (22), to confirm 
successfiil forwarding of a message from an initial part of a particular stream from die at least 
one of the node circuits (22) to the source data processing unit of the particular stream, 

franCTnitring the confirmation from the at least one of the node circuits (22) 
5 back along the path to the source data processing unit (10a) in a selected return time-slot, 
selecting the return time-slot so that, if not lost, the confirmation wiU cross a 
fiirther message firom the particular stream in a crossing time slot that can be predicted 
according to a predetermined scheme; 

detecting whether the farther message of the stream crosses with the 
1 0 confirmation in a fiirtfaer node circuit (22) in the crossing time-slot predicted according to the 
predetermined schema 

fiarwaiding the further message from the finfh^ node circuit (22) only if such 
a crossing is detected. 

15 is] A melhod according to Oficn 12,0^ 

sending back one or more confiiniafions in selected return time slots fipom 
node cinnnts whidi are selected so that, in the case of more than one confiim 
confirmations leadh the source data processing unit (10a) in arrival iim^slots that jxpeat vniix 
said period (P); 

20 - transmitting a return stream of return messages back along the path through 

the network (12) fiom a destination data processing unit (10b) to the source data processing 
unit (10a), in response to reception of an initial message of the particular stream destination 
data processing unit (10b), in time slots selected so that the return messages occupy the 
resources in a fiirther periodically repeating selection of time-slots, with said period (P) of 

25 repetition, starting firom one period (P) after a last one of the one or more confirmatians. 
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ABSTRACT: 



Data is proc^sed in a circuit that contains a pliiralily of data processing units 
interconnected by a network of node drcnits. The node circuits use resources on a tune slot 
multiplexing basis. Stream are started between source data processing units and destination 
data processing units. Each stream contains messages that occupy Hie resouices in a 
5 periodically repeating selection of time-slots. The period of repetition is a network period, 
which is liie same for all the streams. The node circuits forward all tiie messages of a 
particular stream through the network along the nodes in a stream specific patih assigned to 
the particular stream. The node circuits decide whether to &rward or discard to forward each 
message dependent on a measure of seniority of the message in its particular stream. A node 

10 circuit prevents .forwarding of a more junior message for which insufBcientjresouices are left 
by forwarding of more senior messages from the particular node circuit. PrefKably, in 
selected return time slots, the node circuits send back confirmations to confirm of successful 
forwarding of a message. The selected retum time-slot are selected in predetermined way so 
that it is possible to predict in a fiirther node circuit back along the path, from the presence of 

15 a further message of the stream at that fcuther node circuit in a crossing time-slot, whether the 
further message will cross the confirmation at the ftirther node circuit (22) in the crossing 
time^slot, for example by sending confirmations from those node circuits (22) where the 
initial message has arrived in one of a series of time-slots that repeats with half the network 
]>6riod. The node circuits detect whether a message of tiie stream in the node circuits crosses 

20 with the confirmation the expected crossing time-slots. The node circuits forward messages 
only if crossing is detected in the expected time-slots. More preferably, the confirmations are 
transmitted so that successive confirmations occupy resources periodically with the network 
period. In this case the destination data processing unit can starts a stream of retum messages, 
m time slote that fbUow the confirniations af^ 

25 retum stream is ensured in advance. 
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